Linear aromatic polyimides are finding increased usage in industrial and aerospace applications due to their excellent chemical resistance and high temperature stability. They are mainly used in film form, as coatings and composite matrix resins. Various patents and articles have described the formation of aromatic polyamic acid and po1yimi.de fibers. Production of aromatic polyamic acid fibers by the extrusion of a polyamic acid resin solution into a liquid coagulation medium was reported as early as 1965. No mention has been found of the production of solid aromatic polyamic acid fibers that do not contain macropores or voids. It is an object of the present invention to produce solid, void free polyamic acid and polyimide fibers from a coagulation medium, which fibers will be useful for both industrial and aerospace applications requiring fibers with excellent chemical resistance, high thermal stability, and tensile properties in the range of standard textile fiber, such as protectiv~ clothing, sealing materials, filtration in harsh chemical and/or high thermal envi: )nments, and various other textile uses where fire resistant roperties are important.
According to the present invention, the foregoing and additional objects were attained by the production of solid polyamic acid and polyimide fibers from a wet gel or coagulation bath wet gel using organic solvents such as N,N-dimethylacetamide solutions of the polyamic acid derived from dianhydrides such as 3,3f,4,4f-benzophenone-tetracarboxylic dianhydride and diamines such as 4,41-oxydianiline. By utilizing the relationship between coagulation medium, resin inherent viscosity, resin % solids, filament diameter, a11d fiber void content, it is possible to make improved polyamic acid fibers.
The novelty of the invention rests in the production of void free polyamic acid and polyimide fibers. The polyimide fibers obtained from thermal cyclizatioli of the polyamic acid precursor have increased tensile properties over the macropores from the same resin system. One object of the present invention is to provide a process for the production of solid aromatic polyamic acid fibers.
Another object of the present invention is to provide a process for the production of solid arom_!ic polyamic acid fibers from wet gel or coagulation bath wet gel.
Another object of the present invention is to provide a process for the production of solid aromatic polyamic acid fibers using DMAc solutions of the polyamic acid derived from 3,3',4,4'-benzophenonetetracarboxylic dianhydride (BTDA) and 4,4'-oxydianiline (4,4'-ODA).
Another object of the present invention is to provide a process for the production of solid polyamic acid fibers which utilizes the interrelationship between coagulation medium composition and concentration, resin inherent viscosity, resin % solids, filament diameter, and fiber void content. PATENT APPLICATION Another object of the present invention is to provide a process for producing solid polyimide fibers.
Another object of the present invention is to produce polyamic acid and polyimide fibers that will be useful for both industrial and aerospace Resin inherent viscosity is determined by the polymerization reaction and can be influenced by the molar ratio of the monomers, purity of the monomers and solvent, percent solids, and reaction temperature, as well as time. It was measured at 0.5 percent solids (w/w) in DMAc at 35°C. It was generally found that the production of solid coagulation bath fibers required a minimum resin concentration of 15 % solids and a minimum inherent viscosity of 1.6 dl/g (see Tables I and II) . Spinning of resins with greater than 15 % solids and inherent viscosities above 1.6 dl/g have not been attempted in this work because the resins are so viscous that extrusion would be difficult. However, if conditions could be modified to allow extrusion using concentrations above 15% solids and inherent viscosities above 1.6 dl/g, solid fibers could forseeably be produced. tended to cause the filament in the coagulation bath to spiral as it exited the spinnerette and then sway back and forth in the bath until it contacted the first set of cluster rolls. This is a very fragile and unstable state at which to 10 produce filaments; it is termed "poor spinnability," and conditions that caused this state were generally avoided. Tables land II) .
Although other factors such as coagulation bath temperature, concentration and temperature of the wash bath, and wet gel drying 30 conditions are known in other fiber systems to effect the production of solid filaments, these factors did not appear to significantly effect void formation in the fibers of the present invention. The coagulation bath temperature was 5 LAR 14162-1 -8-PATENT APPLICATION varied from O to 30°C while the pure water wash bath was held at 30-31°C.
Temperatures in excess of 31°C were not investigated in order to minimize hydrolysis of the polyamic acid. Drying for between 15-18 hours was carried out at 80-85°C also to minimize the possibility of hydrolysis during collapse and removal of water/DMAc/EtG or EtOH from the liquid swollen wet gel.
Both forced air or vacuum (at 30 inches of Hg) drying did not appear to cause void formation (see Table III ). . 2B ).
3O
Example 9 Production of polyamic acid filaments was carried out in a manner similar to Example 1 with the following experimental conditions: 
PATENT APPLICATION
Samples of coagulation bath fiber were collected as in Example 1 and found to be 0% solid and have a diameter of 48 microns (see FIG. 2A) . Wet gel filaments were collected, dried and thermally imidized as in Example 4.
These polyimide fibers were found to be 0% solid and have a diameter of 26 microns. Their single filament tensile properties were measured as follows (see Table IV intended merely to illustrate the process for the production of solid polyamic acid fibers. It is to be understood that the use of these process conditions, including the various coagulation medium composition and concentrations, to 5 LAR 14162-1 -17-PATENT APPLICATION achieve solid polyamic acid fibers from other aromatic polyamic acid polymers is considered within the scope of the present invention, Thus, various modification and variations of the present invention will be apparent to those skilled in the art in light of the above techniques. It is therefore to be understood that, within the scope of the appended claims, the invention may be practiced otherwise than as specifically claimed.
What is claimed as new and desired to be secured by Letters Patent of the United States is: 
